Radioactivity in the soil of a tea garden in the Fatickchari area in Chittagong, Bangladesh, was measured using a high-resolution HPGe detector. The soil samples were collected from depths of up to 20 cm beneath the soil surface. The activity concentrations of naturally occurring 238 U and
INTRODUCTION
In Fatickchari, in the northeast area of the Chittagong district of Bangladesh, there is a big tea garden named Oodalia Tea Estate at latitude 22°36′39″-22°39′41″N and longitude 91°45′6″-91°51′15″E. Tea is one of the main economic crops in Bangladesh. Many people are directly involved in the tea processing for this garden, which is~3000 km 2 in size, and they may not be aware of the effects of radiation contamination on health. So, it is important to study the distribution of the various radionuclides present in the soil of the tea garden and to make an assessment of the radiation exposure resulting from these terrestrial radionuclides. The radioactivity of soil samples collected from depths of up to 20 cm beneath the soil surface of the tea garden was measured using a high-resolution HPGe detector. The radioactive constituents of soil, and in particular the natural radionuclides 238 U, 232 Th and 40 K, are one of the main sources of the external γ-ray exposure to which people are regularly exposed naturally [1] . The study of radionuclides in the soil is a fundamental step in understanding the behavior of radioactivity in an ecosystem; these natural radionuclides emit radiation as they disintegrate, and this radiation contributes to the total absorbed dose for people (via ingestion, inhalation and external radiation) [2] . It is also important to assess any artificial radioactive contamination due to fallout. The objective of this study was to determine the activity concentration of natural and artificial radionuclides in the soil of the Oodalia Tea Estate and from this to derive the radiation hazard parameters so as to establish the radiation background database. The present work provides background data on the natural and artificial radioactive isotopes present in a typical tea garden in the hilly area of Chittagong. This is of great importance for the development of radiation protection and also for the assessment of uptake of these radionuclides from the soil into tealeaves and thus into the food chain, and in particular into the human body. Table 1 . All the samples were collected from June to July 2011.
MATERIALS AND METHODS

Collection and preparation of samples
Soils were collected using a soil corer. After removing stones, grass and any other biological materials, the samples were crushed, sieved through 2-mm mesh, homogenized, dried in an oven at 120°C for 3 d, pulverized, weighed, Th series with their daughter radionuclides [3, 4] .
Measurement of radionuclides
The activity concentrations of radionuclides were measured using γ-spectrometry with a p-type coaxial high-purity germanium (HPGe) detector having a germanium cylinder crystal with 52 mm outer diameter and 49.5 mm height, a relative efficiency of 20% and a resolution (FWHM) of 1.80 keV for the 1332.5-keV γ-ray energy of 60 Co. The detector was coupled to a 8192-channel computer analyzer and shielded using a cylindrical 5.08-cm-thick lead shield with fixed bottom and moving cover. The full energy peak efficiency of the radionuclides was measured using IAEA reference samples RGU1, RGTh1 and RGK1 [5] . The background distribution resulting from the naturally occurring radionuclides in the environment around the detector was determined by measuring the activity concentrations of an empty plastic container in the same manner as the samples. The background was subtracted in order to get net counts for the samples. The counting period for all the samples was 20 ks. The results were expressed with the confidence limit of ± 1σ. The activity concentrations of 238 U were assessed from the γ-ray lines of the daughter radionuclides 214 Cs were taken to assess the 137 Cs contamination [6] [7] [8] .
RESULTS AND DISCUSSION
The activity concentrations of 238 U, ) as found in the present study are compared in Table 3 with other values reported from near the study area [9] .
Activity concentrations of 238 U and 232 Th in the Oodalia Tea Estate soil were found to be higher than those of the nearby areas, but the activity concentration of 40 K was found to be lower, as shown in Table 3 . An activity 137 Cs was found in the present study but not in the other study areas. It appears that the natural soil of the hilly region is radiologically different from that of the nearby regions. The derived outdoor and indoor absorbed dose rates are indicated in Table 4 . The outdoor absorbed dose rate in air at 1 m above the ground surface was calculated using the conversion factors given in the UNSCEAR 1988 report [1] :
where C U , C Th and C K are the average activity concentrations of 238 U, 232 Th and 40 K, respectively, in the samples. The observed outdoor absorbed dose rate was within the range of 52-87 nGy h −1 , and the mean dose rate of the area was calculated to be 71 nGy h −1 (compared with the world average value of 55 nGy h −1 ). The indoor contribution is assumed to be 1.3 times higher than the outdoor dose:
The annual effective dose equivalent from outdoor terrestrial gamma radiation is:
where 0.2 is the outdoor occupancy factor and 0.7 Sv Gy −1
is the quotient of effective dose equivalent rate over observed dose rate in air (taken from the UNSCEAR Report for environmental exposure to gamma-rays of moderate energy). This value is assumed to apply equally to males and females and to the indoor and outdoor environments. For indoor exposure, using an occupancy factor of 0.8, the annual effective dose equivalent is:
The results for outdoor, indoor and total annual effective dose equivalents are indicated in Table 4 . The average total (outdoor plus indoor) annual effective dose equivalent from terrestrial radiation was found to be 0.51 mSv, of which 0.42 mSv comes from indoor and 0.09 mSv from outdoor; the corresponding world average value is 0.41 mSv, of which 0.34 mSv comes from indoor and 0.07 mSv from outdoor [1] . The parameters external radiation hazard, H ext , and internal radiation hazard, H int , were calculated using the criterion formulae as follows [10] :
The results for the external and internal radiation hazards are indicated in Table 5 . In soil from these locations, both the hazard indices were < 1; the recommended hazard parameters H ext and H int should also be <1. Values for additional radiation hazard parametersradium equivalent activity, Ra eq , and representative level index, I γr -were calculated using the formulae:
Ra eq ¼ ðC U þ 1:43C Th þ 0:077C K ÞBq:kg À1 and ð7Þ K generate the same γ-ray dose rate. I γr was calculated to indicate different levels of external γ-radiation resulting from different combinations of specific natural activities in specific other materials. This index can be used to estimate the level of γ radiation hazard associated with the natural radionuclides in the materials.
Based on the annual external dose of 1.5 mGy, the safe limits activity in terms of Ra eq is 370 Bq kg −1 and in terms of I γr is 1 Bq kg −1
. It was observed that the Ra eq activity was far below the allowable limit for all the soil samples, and the I γr value was~1, as indicated in Table 5 . In addition to the natural radionuclides 137 Cs, a fallout radionuclide, was detected in the topsoil in the range of 3-10 Bq kg −1 .
